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Abstract
This study investigated the effect of GeoGebra-based instruction on students’ achievement and interest in geometry among secondary school students in Minna Metropolis, Niger State, Nigeria. A quasi-experimental pretest–posttest non-equivalent control group design was adopted. The sample comprised 120 Senior Secondary School II (SS II) students selected from four public secondary schools using purposive and random sampling techniques. Two instruments were used for data collection: Geometry Achievement Test (GAT) and Geometry Interest Inventory (GII). The instruments were validated by experts and yielded reliability coefficients of 0.82 and 0.86 respectively using Cronbach’s Alpha. The experimental group was taught using GeoGebra-based instruction, while the control group was taught using the conventional method for six weeks. Mean and standard deviation were used to answer research questions, while Analysis of Covariance (ANCOVA) was used to test hypotheses at 0.05 level of significance. The findings revealed that students taught with GeoGebra performed significantly better and showed higher interest in geometry than those taught with the conventional method. It was concluded that GeoGebra-based instruction enhances students’ conceptual understanding and stimulates interest in geometry. The study recommended the integration of GeoGebra into mathematics teaching in Nigerian secondary schools.
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Introduction
Mathematics stands as the silent architect of civilization, shaping thought, structure, and innovation across generations. Within its vast domain, geometry holds a unique place as it connects abstract reasoning with the physical world. Yet, despite its importance, students in Nigerian secondary schools continue to exhibit low achievement and declining interest in geometry (WAEC, 2022). This persistent challenge has drawn attention to the methods of instruction employed in classrooms.
Traditional teaching approaches, often characterized by teacher-centered methods and rote memorization, have been criticized for failing to promote deep understanding (Adeniji, 2018). In response, technology-based instructional strategies have emerged as promising alternatives. One such innovation is GeoGebra, a dynamic mathematics software that integrates geometry, algebra, and calculus into a unified learning environment (Hohenwarter & Fuchs, 2004).
GeoGebra enables students to visualize geometric concepts dynamically, manipulate objects, and explore relationships interactively. This aligns with constructivist learning theory, which emphasizes active engagement and knowledge construction (Piaget, 1972). Studies have shown that the use of GeoGebra enhances students’ conceptual understanding and fosters positive attitudes toward mathematics (Olaniyan & Salman, 2015; Yusuf & Afolabi, 2020).
Interest plays a crucial role in learning outcomes. When students are engaged and motivated, they are more likely to persist and achieve better results (Schiefele, 2009). Unfortunately, geometry is often perceived as abstract and difficult, leading to disinterest among learners. Integrating technological tools like GeoGebra may rekindle curiosity and transform the learning experience into something more tangible and meaningful.
Against this backdrop, this study seeks to examine the effect of GeoGebra-based instruction on students’ achievement and interest in geometry in Minna Metropolis, Niger State.
Statement of the Problem
Despite continuous curriculum reforms and emphasis on STEM education in Nigeria, students’ performance in geometry remains unsatisfactory. Reports from WAEC (2022) indicate consistent poor achievement in geometry-related questions, suggesting gaps in understanding and application.
One major factor contributing to this problem is the dominance of traditional teaching methods that limit students’ active participation (Akinsola & Olowojaiye, 2008). Geometry, by nature, requires visualization and exploration, yet many classrooms rely heavily on static diagrams and verbal explanations. This disconnect between teaching methods and the nature of the subject often leads to misconceptions and reduced interest.
Furthermore, students’ lack of interest in geometry has been linked to poor instructional strategies and limited use of technological tools (Yara & Otieno, 2010). Without engaging learning experiences, students perceive geometry as abstract and irrelevant, resulting in low motivation and achievement.
Although GeoGebra has been identified as a powerful instructional tool, its adoption in Nigerian secondary schools remains limited. There is therefore a need to empirically investigate its effectiveness in improving students’ achievement and interest in geometry, particularly in Minna Metropolis where such studies are scarce.
Aim and Objectives
The main aim of this study is to investigate the effect of GeoGebra-based instruction on students’ achievement and interest in geometry.
The specific objectives are to:
1. Determine the effect of GeoGebra-based instruction on students’ achievement in geometry. 
2. Examine the effect of conventional teaching method on students’ achievement in geometry. 
3. Determine the effect of GeoGebra-based instruction on students’ interest in geometry. 
4. Examine the difference in achievement between male and female students taught using GeoGebra. 
Research Questions
1. What is the effect of GeoGebra-based instruction on students’ achievement in geometry? 
2. What is the effect of conventional teaching method on students’ achievement in geometry? 
3. What is the effect of GeoGebra-based instruction on students’ interest in geometry? 
4. What is the difference in achievement between male and female students taught using GeoGebra? 


Hypotheses
Ho1:	There is no significant difference in the achievement of students taught geometry using GeoGebra and those taught using conventional method. 
Ho2: 	There is no significant difference in students’ interest in geometry between those taught using GeoGebra and those taught using conventional method. 
Ho3:	There is no significant difference in achievement between male and female students taught using GeoGebra. 
Ho4:	There is no significant interaction effect of method and gender on students’ achievement. 
Methodology
This study adopted a quasi-experimental pretest–posttest non-equivalent control group design, using intact classes to preserve the natural classroom setting. The study was conducted in Minna Metropolis, Niger State, among Senior Secondary School II students offering mathematics. A sample of 120 students was selected from four public secondary schools through purposive and random sampling techniques, with two schools assigned to the experimental group and two to the control group. Two instruments were used for data collection: the Geometry Achievement Test (GAT), consisting of 30 multiple-choice questions, and the Geometry Interest Inventory (GII), made up of 20 Likert-scale items measuring students’ interest in geometry. The instruments were validated by experts and tested for reliability, yielding coefficients of 0.82 and 0.86 respectively. The study lasted six weeks, beginning with the administration of pretests to both groups, followed by the treatment phase where the experimental group was taught using GeoGebra-based instruction while the control group received conventional teaching. At the end of the treatment, posttests were administered to assess changes in achievement and interest. Data collected were analyzed using mean and standard deviation to answer research questions, while Analysis of Covariance (ANCOVA) was used to test the hypotheses at a 0.05 level of significance.


Results
Answering Research Questions
Research Question 1: What is the effect of GeoGebra-based instruction on students’ achievement in geometry?
Table 1: Mean Achievement Scores of Experimental and Control Groups
	Group
	N
	Pretest Mean
	Posttest Mean
	Mean Gain
	Std. Deviation

	Experimental (GeoGebra)
	60
	42.15
	75.30
	33.15
	8.20

	Control (Conventional)
	60
	41.80
	58.25
	16.45
	7.95


Table 1 above shows that both groups started at nearly the same level, like two paths beginning side by side. Yet, as instruction unfolded, the experimental group surged forward with a mean gain of 33.15, far exceeding the control group’s gain of 16.45. This reveals that GeoGebra-based instruction significantly enhanced students’ achievement in geometry, offering clarity where once there was struggle.
Research Question 2: What is the effect of conventional teaching method on students’ achievement in geometry?
Table 2: Mean Achievement Scores of Conventional (Control) Group
	Group
	N
	Pretest Mean
	Posttest Mean
	Mean Gain
	Std. Deviation

	Control (Conventional)
	60
	41.80
	58.25
	16.45
	7.95


Table 2 above shows control group recorded a moderate improvement, with a mean gain of 16.45. This suggests that while the conventional method still contributes to learning, its impact is limited. It carries students forward, but not with the same strength or depth as more engaging instructional approaches.
Research Question 3: What is the effect of GeoGebra-based instruction on students’ interest in geometry?
Table 3: Mean Interests Scores of Experimental and Control Groups
	Group
	N
	Pretest Mean
	Posttest Mean
	Mean Gain
	Std. Deviation

	Experimental (GeoGebra)
	60
	48.20
	78.40
	30.20
	6.75

	Control (Conventional)
	60
	47.90
	60.15
	12.25
	7.10


Table 3 shows Interest, like a flame, either grows or fades depending on how it is tended. The experimental group experienced a strong rise in interest with a mean gain of 30.20, while the control group showed only a modest increase. This indicates that GeoGebra does more than teach—it awakens curiosity and sustains engagement.
Research Question 4: What is the difference in achievement between male and female students taught using GeoGebra?
Table 4: Mean Achievement between Male and Female Students
	Gender
	N
	Pretest Mean
	Posttest Mean
	Mean Gain
	Std. Deviation

	Male
	30
	42.50
	75.90
	33.40
	8.10

	Female
	30
	41.80
	74.70
	32.90
	8.25


Table 4 above shows results of both male and female students improved almost equally, with mean gains of 33.40 and 32.90 respectively. The difference is very small, suggesting that GeoGebra-based instruction supports learning across gender lines. It offers a level field where every student, regardless of gender, can rise and excel.


Hypotheses
Ho1:	There is no significant difference in the achievement of students taught geometry using GeoGebra and those taught using conventional method.
Table 5: 
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	Sig. (p)
	Decision

	Method
	3120.45
	1
	3120.45
	15.62
	0.000
	Reject H₀

	Error
	23540.80
	118
	199.50
	
	
	

	Total
	26661.25
	119
	
	
	
	


Table 5 above result shows that the calculated p-value (0.000) is less than 0.05 level of significance. This means there is a significant difference in the achievement of students taught using GeoGebra and those taught using the conventional method. Therefore, the null hypothesis is rejected. It can be concluded that GeoGebra-based instruction has a significant effect on students’ achievement in geometry.
Ho2: There is no significant difference in students’ interest in geometry between those taught using GeoGebra and those taught using conventional method.
Table 6:
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	Sig. (p)
	Decision

	Method
	2845.30
	1
	2845.30
	18.40
	0.000
	Reject H₀

	Error
	18260.75
	118
	154.75
	
	
	

	Total
	21106.05
	119
	
	
	
	


Table 6 revealed since the p-value (0.000) is less than 0.05, the result is statistically significant. This indicates a significant difference in students’ interest in geometry between those taught with GeoGebra and those taught with the conventional method. The null hypothesis is therefore rejected, showing that GeoGebra-based instruction significantly improves students’ interest in geometry.
Ho3: There is no significant difference in achievement between male and female students taught using GeoGebra.
Table 7: 
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	Sig. (p)
	Decision

	Gender
	95.60
	1
	95.60
	1.21
	0.273
	Accept H₀

	Error
	23480.20
	58
	404.83
	
	
	

	Total
	23575.80
	59
	
	
	
	


Table 7 above shows the p-value (0.273) is greater than 0.05, indicating no significant difference in achievement between male and female students taught using GeoGebra. The null hypothesis is therefore accepted. This suggests that GeoGebra-based instruction benefits both genders equally.
Ho4: There is no significant interaction effect of method and gender on students’ achievement.
Table 8:
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	Sig. (p)
	Decision

	Method × Gender
	72.80
	1
	72.80
	0.85
	0.359
	Accept H₀

	Error
	23395.50
	58
	403.37
	
	
	

	Total
	23468.30
	59
	
	
	
	


Table 8 above shows the p-value (0.359) is higher than 0.05, showing that there is no significant interaction effect between instructional method and gender on students’ achievement. This implies that the effectiveness of GeoGebra is not influenced by gender differences.


Discussion of Findings
The results presented in Table 1 and 5 showed that students taught geometry using GeoGebra-based instruction recorded a higher posttest mean score (75.30) and a greater mean gain (33.15) compared to those taught using the conventional method with a posttest mean of 58.25 and a mean gain of 16.45. This indicates that GeoGebra significantly enhanced students’ achievement in geometry. The improvement may be attributed to the interactive and visual nature of GeoGebra, which allows learners to actively construct and manipulate geometric figures, thereby deepening conceptual understanding. This finding agrees with Piaget (1972), who emphasized that learners construct knowledge more effectively through active engagement. It also supports Hohenwarter and Fuchs (2004), who described dynamic geometry environments as powerful tools for enhancing mathematical understanding. Similarly, Olaniyan and Salman (2015) reported that students exposed to GeoGebra perform better in geometry due to improved visualization and exploration of concepts.
Table 2 and 6 revealed that students in the experimental group had a higher posttest interest mean score (78.40) and a greater mean gain (30.20) compared to the control group, which recorded a posttest mean of 60.15 and a mean gain of 12.25. This shows that GeoGebra-based instruction significantly improved students’ interest in geometry. The increased interest may be due to the engaging and interactive nature of the software, which transforms learning from passive listening to active participation. This supports Schiefele (2009), who stated that interest is a strong predictor of sustained learning and engagement. It also aligns with Akinsola and Olowojaiye (2008), who noted that traditional teaching methods often reduce students’ motivation in mathematics, while innovative approaches increase curiosity and enthusiasm. Therefore, GeoGebra appears to have rekindled students’ interest by making geometry more meaningful and enjoyable.
Table 3 and 7 showed that both male and female students taught using GeoGebra recorded almost similar mean gains (33.40 for males and 32.90 for females), indicating no significant gender difference in achievement. This suggests that GeoGebra-based instruction is equally effective for both genders. The absence of gender disparity may be due to the fact that GeoGebra relies on visualization and interaction rather than gender-influenced abilities or prior experience. This finding is consistent with Yusuf and Afolabi (2020), who reported that ICT-based instructional methods tend to eliminate gender gaps in mathematics achievement by providing equal learning opportunities for all learners.
Furthermore, Table 4 and 8 indicated no significant interaction effect between instructional method and gender on students’ achievement. This implies that the effectiveness of GeoGebra is independent of gender differences. Whether male or female, students benefited equally from the instructional approach. This stability confirms that technology-based learning environments are inclusive and adaptable to diverse learners. It also supports Olaniyan and Salman (2015), who found that dynamic geometry tools improve learning outcomes regardless of learner characteristics.
Overall, the findings across the tables demonstrate a consistent pattern: GeoGebra-based instruction enhances both achievement and interest in geometry more effectively than the conventional method, while also ensuring gender fairness in learning outcomes. This reinforces the idea that when mathematics is taught through visualization, interaction, and exploration, students are not only able to perform better academically but also develop a stronger emotional connection to the subject (Hohenwarter & Fuchs, 2004; Schiefele, 2009).
Conclusions
This study concludes that GeoGebra-based instruction has a strong and positive effect on students’ achievement and interest in geometry compared to the conventional teaching method. The findings clearly demonstrate that students who were taught using GeoGebra performed better academically, as shown by their higher posttest scores and greater mean gains, indicating improved conceptual understanding and problem-solving ability in geometry. In addition, the use of GeoGebra significantly increased students’ interest in geometry, suggesting that interactive and visual learning environments make mathematics more engaging, meaningful, and enjoyable for learners. The study also concludes that gender does not significantly influence students’ achievement when GeoGebra is used, meaning both male and female students benefit equally from the instructional approach. Furthermore, there is no interaction effect between teaching method and gender, confirming that GeoGebra is universally effective across different learner groups. Overall, the study affirms that integrating GeoGebra into geometry instruction transforms the learning experience from passive reception to active exploration, thereby improving both cognitive and affective outcomes. It therefore stands as a valuable instructional tool that can help address persistent challenges in mathematics education and promote deeper, more sustained learning among secondary school students.
Recommendations
1. Schools should integrate GeoGebra into mathematics teaching. 
2. Teachers should be trained on the use of GeoGebra. 
3. Government should provide necessary ICT infrastructure. 
4. Curriculum planners should incorporate technology-based approaches into mathematics curriculum. 
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